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BIODEGRADABLE MIDDLE DISTILLATES AND PRODUCTION THEREOF 



Field of the Invention 

5 This invention relates to middle distillates having biodegradability properties and to a process for 
production of such distillates. More particularly, this invention relates to middle distillates produced 
from a mainly paraffinic synthetic crude which is produced by the reaction of CO and H2 . typically by 
the Fischer-Tropsch (FT) process. 

1 0 Background to the invention 

In recent years a trend has developed to produce products which are so called "environmentally 
friendly", one aspect of which is biodegradability. To this end various bodies, such as ISO and the 
OECD have developed test methods to quantify biodegradability. One such test is the CO2 evolution 
1 5 test method, also known as the modified Sturm OECD method 30 IB, which test for ready 
biodegradability. In terms of this test, compounds can be considered to be readily biodegradable if 
they reach 60% biodegradation within 28 days. 

Currently available middle distillates, typically crude oil derived diesel fuels, such as US 2-D grade 
20 (low sulphur No. 2-D grade for diesel fuel oil as specified in ASTM D 975-94) and/or CARE 
(California Air Resources Board 1993 specification) grade diesel, do not meet the biodegradability 
requirements of the abovementioned biodegradability test. 

The prior art teaches in ZA 96/9890 that high biodegradability of hydrocarbon base oils could be 
25 derived from the presence of predominantly mono-methyl branching on the paraffinic carbon 
backbone. US 5,498,596 discloses a non-toxic, biodegradable well fluid comprising 98% (mass) n- 
paraffins and less than 1% (mass) monocyclic aromatics as well as other olefinic components. The 
biodegradability of the well fluid in the US patent can not be related back to the nature of the 
paraffmic molecules due to the fact that biodegradability is enhanced through branching and not 
30 through linear n-paraffinic molecules. ^ufUu-r, VVO '^2/14SrM iiiNiio^i*^ a \q\\ liroiiUi^.v divsri kwl 

.ii-'tiiii^ln iype iivdi'iscnrmms :t'<Hl k's^^ th:ivi V$:^i5'V<i rjuH'tsr xtr sulfur coaipuuntb. '^i-n-- >}niA ss 
Ji^doj,ed us rudiii'iDii aii\\iV.ii<^d eirtihsurit- und uu|iruviug api:s^aikHU*i p^'-rforuut^^;; Thv 
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A need thus exists for a middle distillate cut, typically a diesel fuel, which is readily biodegradable as 
5 determined by the abovementioned biodegradability test. 

Surprisingly, it has now been found, that a low aromatics content mu} a seiativeiy higis ^si)-pa^^^^^H^^i 
io H-pat j^iVuiS vt:dio contributet- to ready biodegradability of middle distillates, such as diesel fiiel. 

1 0 Summary of the invention 

Thus, according to a first aspect of this invention, there is provided a biodegradable middle distillate 
cut, such as a diesel fuel, having an aromatics content of less than 9 uuiss%, as detennined by the 
ASTM D 5186 or IP 391 test method. 

15 

The synthetic middle distillate cut may have less than 8.99 fu)KS^% monocyclic aromatics 

content. 

The synthetic middle distillate cut may have less than 0,01 ina'^iVo Wt4i polycyclic aromatics. 

20 

The synthetic middle distillate cut may have an isoparaffins to n-paraffins mass ratio of between about 
1 : 1 to about 12:1, typically the isoparaffins to n-paraffins mass ratio is between about 2: 1 to about 6: i, 
and in one embodiment is 4: 1 . 

25 The synthetic middle distillate cut may be a FT process product, or be at least partially produced in 
accordance with the FT process and/or process philosophy. 

According to a second aspect of the invention, the synthetic middle distillate cut includes more than 
50 niii':-,Vo isoparaffins, wherein the isoparaffins consist predominantly of methyl and/or ethyl and/or 
30 propyl branched isoparaffins. 

The gradient of an isoparaffins to n-paraffins mass ratio profile of the synthetic middle distillate cut 
may increase from about 1:1 for Cg to8.54:l forCisand decrease again to about 3:1 forCis. 

35 Typically, a fraction of the s>Tithetic middle distillate cut in the Cio to Ci8 carbon number range has a 
higher ratio of isoparaffins to n-paraffins than a Cs to Cy fraction of the synthetic middle distillate cut. 
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The isoparaffins to n-paraffins mass ratio of the Cio to Cig fraction may be between 1:1 and 9:1. 

The isoparaffins to n-paraffins mass ratio may be 8.54:1 for a C15 fraction of the synthetic middle 
5 distillate cut. 

A C]9 to C24 fraction of the middle distillate cut may have a narrow mass ratio range of isoparaffins to 
n-paraffins of between 3.3:1 and 5:1, generally between 4:1 and 4.9:1. 

1 0 The mass ratio of isoparaffins to n-paraffins may be adjusted by controlling the blend ratio of 
hydrocracked to straight run components of the synthetic middle distillate cut. Thus, the isoparaffins 
to n-paraffins mass ratio of the Cio to Cis fraction having 30% straight run component may be between 
1:1 and 2:5:1. 

1 5 The isoparaffins to n-paraffins mass ratio of the Cio to Cig fraction having 20 sui«ss% straight run 
component may be between 1.5:1 and 3:5: 1 . 

The isoparaffins to n-paraffins mass ratio of the Cm to C is fraction having 10 mti^^iVo straight run 
component may be between 2.3:1 and 4.3:1. 

20 

The isoparaffins to n-paraffins mass ratio of the Cio to Cis fraction having substantially only a 
hydrocracked component may be between 4: 1 and 9: 1 

At least some of the isoparaffins of the middle distillate cut may be methyl branched. 

25 

Typically, wherein at least some of the isoparaffins are di-methyl branched. 

In a useful embodiment, at least 30 (i t: .^;/^; of the isoparaffins are mono-methyl branched. 

30 Some of the isoparaffins may be ethyl branched, or even propyl branched. 

Table A: Comparison of the Branching Characteristics of Blends of SR ,HX and SPD Diesels 

In the table: SPD - Sasol Slurry Phase Distillate 
35 SR - Straight Run 

HX - Hydrocracked 
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Branching Characteristics of FT Diesel 




0% SR □ 10% SR -A-20% SR -Q— 30% SR 



According to a third aspect of the invention, there is provided a biodegradable synthetic middle 
distillate cut, having an aromatics content substantially as described above. 

5 

According to a fourth aspect of the invention, there is provided a biodegradable synthetic middle 
distillate cut, having an isoparaffinic content substantially as described above. 

The invention extends to a biodegradable s>'nthetic middle distillate cut, having an isoparaffinic 
1 0 content and an aromatics content substantially as described above. 

The biodegradable synthetic distillate may be a FT product. 

According to a fifth aspect of the invention, there is provided a biodegradable diesel fuel composition 
1 5 including from 10 ;nass% to 100 au!ss% of a middle distillate cut as described above. 
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The biodegradable diesel fUel composition may include from 0 to 90 ma^s% of another diese) fuel, 
such as conventional commercially available diesel fiiel. 

The biodegradable diesel fuel composition may include from 0 to 10 nu\S',% additives. 

5 

The additives may include a lubricit>' improver. 

The lubricity improver may comprise from 0 to 0.5 mii%s% of the composition, typically from 
0.0000 lmass% to 0.05 mii^s% of the composition. In a particularly useftil embodiment, the lubricity 
1 0 improver comprises from 0.00 iiiaiis8% to 0.02 'i^uirvs% of the composition. 

The biodegradable diesel fiiel composition may include a crude oil derived diesel, such as US 2-D 
grade diesel fuel and/or CARB grade diesel fiiel, as the other diesel ftiel of the composition. 



1 5 According to yet another aspect of the invention, there is provided a process for producing a readily 
biodegradable S}Tithetic middle distillate, the process including: 

(a) separating the products obtained from synthesis gas via the FT synthesis reaction into one or 
more heavier fraction and one or more lighter fraction; 

(b) catalytically processing the heavier fraction under conditions which yield mainly middle 
20 distillates; 

(c) separating the middle distillate product of step (b) from a light product fraction and a heavier 
product fraction which are also produced in step (b); and 

(d) blending the middle distillate fraction obtained in step (c) with at least a portion of the one or 
more lighter fraction of step (a), or products thereof. 

25 

The catalytic processing of step (b) may be a hydroprocessing step, for example, hydrocracking. 



The process for producing a synthetic middle distillate may include one or more additional step of 
fractionating at least some of the one or more lighter fraction of step (a), or products thereof, prior to 
30 step (d). 



The process for producing a synthetic middle distillate may include the additional step of 
hydrotreating at least some of the one or more light fraction of step (a), or products thereof, prior to 
step (d). 

The one or more heavier fraction of step (a) may have a boiling point above about 270°C, however, it 
may be above 300°C. 
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The one or more lighter fraction may have a boiUng point in the range C5 to the boiling point of the 
heavier fraction, t^^^ically in the range 160^C to 



5 The product of step (d) may boil in the range lOO'^C to 400*^C. The product of step (d) may boil in the 
range 160X to 370°C. 

The product of step (d) may be obtained by mixing the middle distillate fraction obtained in step (c) 
with at least a portion of the one or more lighter fraction of step (a), or products thereof, in a volume 
10 ratio of between 1:1 and 9:1, topically 2:1 and 6:1, and in one embodiment, in a volume ratio of 
84:16. 

The product of the above process may be a synthetic middle distillate cut, or products thereof, or 
compositions thereof, as described above. 

15 

The product of step (d) may be a diesel fuel . 

A biodegradable diesel fuel produced in accordance with this invention may be produced from a 
mainly paraffinic synthetic crude (syncrude) obtained from synthesis gas (syngas) through a reaction 
20 like the FT reaction. 

The FT products cover a broad range of hydrocarbons from metheuie to species with molecular masses 
above 1400; including mainly paraffinic hydrocarbons and much smaller quantities of other species 
such as olefins and oxygenates. Such a diesel fuel could be used on its own or in blends to improve 
25 the quality of other diesel fuels not meeting the current and/or proposed, more stringent fuel quality 
and environmental specifications. 

The invention extends to an essentially non-polluting, readily biodegradable diesel fuel composition 
comprising of a mixture of normal paraffins (n-paraffms) and iso-paraffins in the typical diesel range 

30 from 160-370'^C, having an iso-paraffin:n-paraffin mass ratio from about 2:1 to about 12:1, more 
typically from 2:1 to 6:1, and the iso-paraflfins of the mixture contain greater than 30 asr4ss%, based 
on the total mass of the iso-paraffins in the mixture, of mono-methyl species, with the balance 
consisting mainly of ethyl and/or dimethyl branched species. These iso-paraffins contained in a 
mixture with minor amounts of aromatics and other materials, contribute to a product fi*om which 

35 readily biodegradable diesel fuels can be obtained. 
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Claims: 

I. A synthetic middle distillate cut having less than 9 mass%, as determined according to IP 39 J 
or ASTM D 5186 standards, aromatics content, -nr/ '.\i:iUi'U< ti^i-.iolv ilv-id'ua. -i^i 

'riy..u ^/^^^ :iU.y'i{,\<y'-<,{iV .-vr^rJiSlliU:-^ :-5)niSi^!:Ji .UU) JCS-' ihaJi liilV-'^' l^'^i ^ \'iU, 

} .A jMifU oiu: midtic cItLniiiat c v.vU lu? cianvjal hi clajjri 1 or chi u'i 2. haMJig Lss th avs in)[ iriass'%> 
1 ycN cl i c ar o niaxi c s 

1 0 4^2. A synthetic middle distillate cut as claimed in iin\ on e of t he p r t ^ cteduu > claimf^ t , having an 
isoparaffins to n-paraffins mass ratio of between about 1 : 1 to about 9:1. 
^3. A synthetic middle distillate cut as claimed in claim 42, wherein the isoparaffins to n- 

paraffins mass ratio is between about 2:1 to about 6:1. 
^4, A synthetic middle distillate cut as claimed in claim ^2, wherein the isoparaffins to n- 
rA 5 paraffins mass ratio is 4: 1. 

^5, A synthetic middle distillate cut as claimed in aav mie o\ Uk^ preceding claim-r s , wherein the 
ij synthetic distillate is derived from a FT primary product. 

42 ^<^^ A synthetic middle distillate cut chtsuu^d in ilmm 2-, comprising more than 50 stsai^*^% 
isoparaffins, wherein the isoparaffins are predominantly methyl and/or ethyl and/or propyl 
l20 branched. 

m ^7. A synthetic middle distillate cut as claimed in claim ^^2, wherein the gradient of an 
^ isoparaffins to n-paraffins mass ratio profile of the synthetic middle distillate cut increases 

f I from about 1:1 for Cg to 8.54: 1 for C]5 and decrease again to about 3:1 for Cjs. 

44j^8. A synthetic middle distillate cut as claimed in claim ^7, wherein a fraction of the synthetic 
25 middle distillate cut in the Cio to Cis carbon number range has a higher ratio of isoparaffins to 

n-paraffins than a Cg to C9 fraction of the synthetic middle distillate cut. 
4-^9 A synthetic middle distillate cut as claimed in claim or cljjini iO , wherein the isoparaffins 

to n-paraffins mass ratio of the C 10 to Cig fraction is between 1 : 1 and 9: L 
44tI0. a synthetic middle distillate cut as claimed in claim ^7, wherein the isoparaffins to n- 
30 paraffins mass ratio is about 8.54: 1 for a Cjs fraction of the synthetic middle distillate cut. 

44t( A synthetic middle distillate cut as claimed in luw one of claim s H 10 1 ?J , wherein a C 19 to C24 
fraction of the middle distillate cut has a mass ratio range of isoparaffins to n-paraffins of 
between 3.3:1 and 5 : L 

i .1. .\ ..vfith^-n^ mUidlc dkulltit^,-- as ciainjed m limm \ i, whcrinu th^^ i\„ to of 
35 Hu- riiis'Uikt JsNhiL'^k' cut hith l\ Oiii;>;-^ vniia riiui>c oi jsopnriin'ins 1o nV'p.u'iiffiii^ of hrlvuvu 

4: 5 imit 4>*^>:L 



19 



447 LI A synthetic middle distillate cut as claimed in ;u)y one ol' claim s to 13 7, wherein the mass 

ratio of isoparaffins to n-paraffins is adjusted by controlling the blend ratio of hydrocracked to 

straight run components of the synthetic middle distillate cut. 
^14. A synthetic middle distillate cut as claimed in claim 143, wherein the isoparaffins to n- 

paraffins mass ratio of the Cio to Cig fraction having 30 n!ass% straight lun component is 

between 1:1 and 2:5:1. 

4^15. A synthetic middle distillate cut as claimed in claim 134, wherein the isoparaffins to n- 
paraffins mass ratio of the Cio to Cis fraction having 20 fnass% straight run component is 
between 1.5:1 and 3:5:1. 

4^16. A synthetic middle distillate cut as claimed in claim 143, wherein the isoparaffins to n- 
paraffins mass ratio of the Cio to Cis fraction having 10 mass% straight run component is 
between 2.3:1 and 4.3:1. 

4:St17. a synthetic middle distillate cut as claimed in claim 134, wherein the isoparaffins to n- 
paraffins mass ratio of the Cio to Cjg fraction having substantially only a hydrocracked 
component is between 4: 1 and 9:1. 

i^opaLaffm:^ arc mcrh v \ biauciiod 
Mj\S. a middle distillate cut as claimed in i\n\ otie of claimt^ 6 8 to 19 , wherein at least some of the 
isoparaffins are di-methyl branched, 

A middle distillate cut as claimed in anv uiw of claims 6 ^ xo :0 , wherein at least 30 ma^sVo 
(niasij) of the isoparaffins are mono-methyl branched. 
^20. A middle distillate cut as claimed in va\y oiitr. of claims S to 2 i ii 9, wherein at least some of the 
isoparaffins are ethyl branched. 

jj-A biodogradabio n\'uthot:ic i mddl^ duitiUato cut. having ai:i aromaiio^ oontcnt subraancialix 113 

cknmcd m am one of claimis 1 to J 
1\ A hiodvjuiudabi i ' lAnthcnc fiuddlc d]::Liila(c' cut. ha\'[ng an uioparalTinic content Laib: i tainijl]\- as 

claaii^d id am one of cinuns ^j co 22 
25.A bxodvgfadabb lAnthciic niiddlc JisliHarc ^ui havjii^ aa i^opuraftltuc comcnt an ctaimod m ciaim 

Mrll. A synthetic middle distillate cut as claimed in um oa^- uf claimt. 1 8 to 1> , wherein tiic 
synthetic distillate is a FT product :md the s>iMhetic msddSe disOliate cut is ieasl 
biiuii^ai'iideab^e within 28 days wters usiug the Modified SUn m Test. 

22- A sviiihclic middle di^^liihUe cui t^s cl^nmed in claim 2, wherein the synthedc distiJiate is 
H Ft f.roduct and (he syidhetir middle disullate cut is at least 60% biodegradeable 
niihin zS days when ^l^,ir^g *he Mudifseil Munn Test. 

A biodL,^^fadabio diesel fuel composition including from 10% to 100% of a middle distillate 
cut as claimed in am one ol liib procoduv: ' . claimt^ ( , 
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^25. A bi. ' dcin-aJabj^ diesel fuel composition as claimed in claim 23-f, including from 0 to 90% of 
at least one other diesel fuel. 

5 26. A dit-.el fuel conipf>sisioii <t< chmn<.^<\ m dn\m 24, iiuiudiju^ frosn 0 to V0% oJ at h:i\s\ (an- 

iu% adf!itr> c f >. 

30 A btcdvy:c<dablo di^-jel ind coirijKVs^tiOH ciainj.; ; u in uny one of cU^jin: ) 27 to 2^^ rho 

3 j ..A bKxio^^iudabjw dic:>o] idci compu^iij - . ojarauxi iti clauii 30. vJicrcm the JiibrtcU\ inipiovc! 
CDinpt from 0 to O.V\. or tl)e c< ji,ip<^;uUv.:i 
bKXu;L:i7id:ibic duscl (uoi LOirlpO;^^^uJi d; - . Cjain;:-d m cliiin ? 31. whoi-jui ihc liibncilx iiuproxci' 

3:j ; ' \ biodLgxvidjbic diu?cl lU^l coiiipu^aUi jr. a:i ojamu,d u; clafin 32, wj^oiCin the jubnCit^ — wriVn- jvci 

C ''>iwj>] tvo.ii 0 t^O^'^Vj iC - H (j2^''i I'l tb'. - .^ COT ' ipO ' TU lOti 

A r^ L.Jc>^,f:Kinbjc diesel fuel composition as claimed in aiv^ • ^:nK. o[ ' claims 23 28 kj 33\ wherein 
one of the other diesel fuels is US 2-D grade diesel fuel. 

^^'^y^ '-^ diesei fuei coitnpositioes as ch^tuK-d m dnim 243, ivherehis oae of the inhei dsesel i'nejs 

■f ' A bhuicanuJ.ibic diesel fuel composition as claimed in urn- ojic oi claim^rr 23;s to 32 , wherein 

S one of the other diesel fiiels is CARB grade diesel fuel 

30, A diesel fuel congposiaon as €hth^^ed hs i-lmnt 24, wherein one of ihe oUier dicscf hselr^ r 
V 2\kB i^'raik- d^esca Hsc^ 

25 ^3i. A process for producing a readily biodegradable synthetic middle distillate, the process 
including: 

(a) separating the products obtained from synthesis gas via the FT synthesis reaction mto 
one or more heavier fraction and one or more lighter fraction; 

(b) catalytically processing the one or more heavier fraction under conditions which yield 
30 mainly middle distillates; 

(c) separating the middle distillate product of step (b) from the lighter product and 
heavier product that are also produced in step (b); and 

(d) blending the middle distillate fraction obtained in step (c) with at least a portion of the 
one or more lighter fraction of step (a), or products thereof. 

35 ^32, A process for producing a synthetic middle distillate as claimed in claim 3^1, wherein the 
catalytic processing of step (b) is a hydroprocessing step. 
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4^3 4 A process for producing a synthetic middle distillate as claimed in claim 3^'- — ^r^-^ — 

including one or more additional step of fractionating at least some of the one or more lighter 

fraction of step (a), or products thereof, prior to step (d). 
^35. A process for producing a s>Tithetic middle distillate as claimed in .ja" . ; claim- 3-^-^ 

— ^, including the additional step of hydrotreating at least some of the one or more light 

fraction of step (a), or products thereof, prior to step (d). 

4#ri7. A process for producing a s>'nthetic middle distillate as claimed in d\\\ oi claim-- 3^^-^ 
7-^, wherein the one or more heavier fraction of step (a) boils above about 270°C. 

44t38. a process for producing a synthetic middle distillate as claimed in imy o - ie of claim-^ 37.^-4^ 
wherein the one or more heavier fraction of step (a) boils above about 300°C. 

4^39. A process for producing a synthetic middle distillate as claimed in iin\ one o\ claims 

44, wherein the one or more lighter fraction boils in the range C5 to the boiling point of the 
heavier fraction. 

-UtUI a process for producing a synthetic middle distillate as claimed in .xu\ one o\ claimtr 3 1 ^v-fe 

4^, wherein the one or more lighter fraction boils in the range 160°C to 270°C. 
44t4L a process for producing a synthetic middle distillate as claimed in mi\ one ^jt claimt. 3\(t-^ 

-P, wherein the product of step (d) boils in the range lOO^C to 400°C. 
4Sr42. A process for producing a synthetic middle distillate as claimed in imy one uf claimtr 31tt-te 

44, wherein the product of step (d) boils in the range 160°C to 370°C. 
4^43, A process for producing a synthetic middle distillate as claimed in am one of claimtr 31^v-kj 

4^, wherein the product of step (d) is a diesel fuel. 

A for pr?>duri^i<j ?j >.v£Uhi^uc saitldk ^Ibtiihste ns claimed in daiui J6. ^vheresn ihi: 

4^45. A process for producing a synthetic middle distillate as claimed in Aa\ one of claimtr 3 1 ^^-^ 
"^4, wherein the product of step (d) is obtained by mixing the middle distillate fraction 
obtained in step (c) with at least a portion of the one or more lighter fraction of step (a), or 
products thereof, in a volume ratio selected to provide a diesel fiiel having a required 
specification. 

4%46, A process for producing a synthetic middle distillate as claimed in cu i v one oi' claimtr 4:^ Mi u 
4^, wherein the product of step (d) is obtained by mixing the middle distillate fraction 
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obtained in step (c) with at least a portion of the one or more lighter fraction of step (a), or 

products thereof, in a volume ratio of between 1:1 and 9:1. 
§0t47. a process for producing a synthetic middle distillate as claimed in claim 46^, wherein the 

product of step (d) is obtained by mixing the middle distillate fraction obtained in step (c) 

with at least a portion of the one or more lighter fraction of step (a), or products fliereof, in a 

volume ratio of between 2: 1 and 6: 1. 
S4^4S. A process for producing a synthetic middle distillate as claimed in claim ^+447, wherein the 

product of step (d) is obtained by mixing the middle distillate fraction obtained in step (c) 

with at least a portion of the one or more lighter fraction of step (a), or products thereof, in a 

volume ratio of 84:16. 
52 A. 3>utlictic niLddic distiUacc cut, aubGtflntiaJI> a^j hcrcm dcscubcd and itluijiratcd. 

'\ biod;ju;rac[a[)]e withettc m i ddle diottllaie ciit. 3ubstantuil1y as herein described and illuL^tratcd 
54. A biodcgradahic dicscl fuel coBiposition. ^jubstaiitialh at} horcm described and ijlustraicd 
5 3 . A p ro c e ss for producing a readily bLodcgradablc 5>nihetic n^ddtc c]iflti]]atc\ Gubstantiaiiy herein 

dL-scfibcd and ilinistrarod. 

5b. A. nicw s>tah(:Uo middle distillate <^i \ t. (nvid^jgradable ■ 3\nthettc middle drtiillat e cut. biodtjauidable 
Jjcvji fuel compoL^jcion oi a nctv pr^coi . ^ 1hr producuig a rcadih biodcgfadabk j}uLfnjC}c 
rmddlt:: dicitttlace. :uib5lanUalK ashc i -eni d^^cnbed 



23 



09/787641 

JC02 Rec'd PCT/PTO 2 1 MAR 2001 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: De Haan, et al. 



Serial No.: To Be Assigned 
Filed: Herewith 

For: Biodegradable Middle Distillates and 
Production Thereof 



Art Unit: To Be Assigned 
Examiner: To Be Assigned 
Atty. Docket: 0264-0002 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination of the above-identified application. Applicant herewith 
respectfully requests the following amendments: 
IN THE SPECIFICATION : 

On page 1 of the international apphcation, please substitute the last paragraph 
with the following: 

The prior art teaches in ZA 96/9890 that high biodegradabihty of hydrocarbon 
base oils could be derived from the presence of predominantly mono-methyl branching 
on the paraffmic carbon backbone. US 5,498,596 discloses a non-toxic, biodegradable 
well fluid comprising 98% (mass) n-paraffms and less than 1% (mass) monocyclic 
aromatics as well as other olefinic components. The biodegradabihty of the well fluid in 
the US patent can not be related back to the nature of the paraffinic molecules due to the 
fact that biodegradabihty is enhanced through branching and not through linear n- 
paraffmic molecules. Further, WO 92/14804 discloses a low aromatic diesel fuel which 
comprises mainly a mixture of hydrocarbons containing not more than 1% by volume of 



aromatic type hydrocarbons and less than 0.05% sulfiir or sulfur compounds. The fuel is 
disclosed as reducing unwanted emissions and improving operational performance. The 
disclosure however does not address the issue of biodegradeability. Still further, WO 
97/14769 discloses diesel fuels having excellent lubricity, oxidative stability and high 
cetane number produced from the non-shifting Fischer-Tropsch process. Again no 
mention is made regarding biodegradability and the disclosure of oxidative stabihty 
would indicate against biodegradability. 

Also on page 1 of the international application, please replace the final paragraph 
with the following: 

Surprisingly, it has now been found, that a low aromatics content and a relatively 
high iso-paraffins to n-paraffins ratio contributes to ready biodegradebihty of middle 
distillates, such as diesel fixel. 

On page 2 of the international application, please replace the first, second and 
third paragraphs with the following: 

Thus, according to a first aspect of this invention, there is provided a 
biodegradable middle distillate cut, such as a diesel fuel, having an aromatics content of 
less than 9 mass%, as determined by the ASTM D 5186 or IP 391 test method. 

The synthetic middle distillate cut may have less than 8.99 mass% monocyclic 
aromatics content. 

The synthetic middle distillate cut may have less than 0.01 mass% polycyclic 
aromatics. 

Also on page 2, please replace paragraph 6 with the following: 
According to a second aspect of the invention, the synthetic middle distillate cut 
includes more than 50 mass% isoparaffins, wherein the isoparaffins consist 
predominantly of methyl and/or ethyl and/or propyl branched isoparaffins. 
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On page 3 of the international application, please replace 2 and 3 with the 
following: 

The isoparaffins to n-paraffins mass ratio of the Cio to C^g fraction having 20 
mass% straight run component may be between 1.5:1 and 3.5:1. 

The isoparaffins to n-paraffins mass ratio of the C^o to Cig fraction having 10 
mass% straight run component may be between 2.3:1 and 4,3:1. 

Also on page 3, please replace paragraph 7 with the following: 
In a usefiil embodiment, at least 30% (mass) of the isoparaffins are mono-methyl 
branched. 

On page 6 of the international apphcation, please replace paragraph 5 with the 
following: 

According to a fifth aspect of the invention, there is provided a biodegradable 
diesel fuel composition including from 10 mass% to 100 mass% of a middle distillate cut 
as described above. 

On page 7 of the international application, please replace paragraphs 1-4 with the 
following: 

The biodegradable diesel fuel composition may include from 0 to 90 mass% of 
another diesel fuel, such as conventional commercially available diesel fuel. 

The biodegradable diesel fiiel composition may include from 0 to 10 mass% 
additives. 

The additives may include a lubricity improver. 

The lubricity improver may comprise from 0 to 0.5 mass% of the composition, 
typically from 0.00001mass% to 0.05 mass% of the composition. In a particularly usefiil 
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embodiment, the lubricity improver comprises from 0.00 mass8% to 0.02 mass% of the 
composition. 

On page 8 of the international apphcation, please replace the final paragraph with 
the following: 

The invention extends to an essentially non-polluting, readily biodegradable 
diesel fuel composition comprising of a mixture of normal paraffins (n-paraffins) and iso- 
paraffins in the typical diesel range from 160-370°C, having an iso-paraffm:n-paraffin 
mass ratio from about 2:1 to about 12:1, more typically from 2:1 to 6:1, and the iso- 
paraffins of the mixture contain greater than 30 mass%, based on the total mass of the 
iso-paraffins in the mixture, of mono-methyl species, with the balance consisting mainly 
of ethyl and/or dimethyl branched species. These iso-paraffins contained in a mixture 
with minor amounts of aromatics and other materials, contribute to a product from which 
readily biodegradable diesel fiiels can be obtained. 



4 



IN THE CLAIMS : 

Please substitute the original claims 1-56 with the following claims: 

1. A synthetic middle distillate cut having less than 9 mass%, as detemiined 
according to IP 391 or ASTM D 5186 standards, aromatics content, the synthetic 
middle distillate cut having less than 8.99 mass% monocyclic aromatics content 
and less than 0.01 mass polycycUc aromatic content. 

2. A synthetic middle distillate cut as claimed in claim 1, having an isoparaffms to 
n-paraffms mass ratio of between about 1:1 to about 9:1. 

3. A synthetic middle distillate cut as claimed in claim 2, wherein the isoparaffins to 
n-paraffins mass ratio is between about 2:1 to about 6:1. 

4. A synthetic middle distillate cut as claimed in claim 2, wherein the isoparaffms to 
n-paraffins mass ratio is 4:1, 

5. A synthetic middle distillate cut as claimed in claim 1, wherein the synthetic 
distillate is derived from a FT primary product. 

6. A synthetic middle distillate cut as claimed in claim 2, comprising more than 50 
mass% isoparaffms, wherein the isoparaffms are predominantly methyl and/or 
ethyl and/or propyl branched. 

7. A synthetic middle distillate cut as claimed in claim 2, wherein the gradient of an 
isoparaffms to n-paraffms mass ratio profile of the synthetic middle distillate cut 
increases from about 1:1 for Cg to 8.54:1 for C15 and decrease again to about 3:1 
for Cig. 

8. A synthetic middle distillate cut as claimed in claim 7, wherein a fraction of the 
synthetic middle distillate cut in the C^o to C,^ carbon number range has a higher 
ratio of isoparaffms to n-paraffins than a Cg to firaction of the synthetic middle 
distillate cut. 

9. A synthetic middle distillate cut as claimed in claim 8, wherein the isoparaffms to 
n-paraffins mass ratio of the C^o to C,^ fraction is between 1 : 1 and 9: 1 . 
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10. A synthetic middle distillate cut as claimed in claim 7, wherein the isoparaffms to 
n-paraffms mass ratio is about 8.54:1 for a C15 fraction of the synthetic middle 
distillate cut. 

11. A synthetic middle distillate cut as claimed in claim?, wherein a C^^ to C24 
fraction of the middle distillate cut has a mass ratio range of isoparaffms to n- 
paraffins of between 3.3:1 and 5:1. 

12. A synthetic middle distillate cut as claimed in claim 11, wherein the C19 to C24 
fraction of the middle distillate cut has a mass ratio range of isoparaffins to n- 
paraffins of between 4:1 and 4.9:1. 

13. A synthetic middle distillate cut as claimed in claim?, wherein the mass ratio of 
isoparaffins to n-paraffins is adjusted by controlling the blend ratio of 
hydrocracked to straight run components of the synthetic middle distillate cut. 

14. A synthetic middle distillate cut as claimed in claim 13, wherein the isoparaffins 
to n-paraffins mass ratio of the C^o to C^g fraction having 30 mass% straight run 
component is between 1 : 1 and 2:5:1. 

15. A synthetic middle distillate cut as claimed in claim 13, wherein the isoparaffins 
to n-paraffins mass ratio of the Cio to C.^ fraction having 20 mass% straight run 
component is between 1.5:1 and 3:5:1. 

16. A synthetic middle distillate cut as claimed in claim 13, wherein the isoparaffins 
to n-paraffins mass ratio of the Cio to C^g fraction having 10 mass% straight run 
component is between 2.3:1 and 4.3 : 1 . 

1?. A synthetic middle distillate cut as claimed in claim 13, wherein the isoparaffins 
to n-paraffins mass ratio of the C^o to C^g fraction having substantially only a 
hydrocracked component is between 4:1 and 9:1. 

18. A middle distillate cut as claimed in claim 6, wherein at least some of the 
isoparaffins are di-methyl branched. 

19. A middle distillate cut as claimed in claim 6, wherein at least 30 mass% of the 
isoparaffins are mono-methyl branched. 

20. A middle distillate cut as claimed in claim 19, wherein at least some of the 
isoparaffins are ethyl branched. 
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21. A synthetic middle distillate cut as claimed in claim 1, wherein the synthetic 
distillate is a FT product and the synthetic middle distillate cut is at least 60% 
biodegradeable within 28 days when using the Modified Sturm Test. 

22. A synthetic middle distillate cut as claimed in claim 2, wherein the synthetic 
distillate is a FT product and the synthetic middle distillate cut is at least 60% 
biodegradeable within 28 days when using the Modified Sturm Test, 

23. A diesel fuel composition including from 10% to 100% of a middle distillate cut 
as claimed in claim 1. 

24. A diesel fuel composition including from 10% to 100% of a middle distillate cut 
as claimed in claim 2. 

25. A diesel fuel composition as claimed in claim 23, including from 0 to 90% of at 
least one other diesel fuel. 

26. A diesel fuel composition as claimed in claim 24, including from 0 to 90% of at 
least one other diesel fuel. 

27. A diesel fuel composition as claimed in claim 23, wherein one of the other diesel 
fuels is US 2-D grade diesel fuel. 

28. A diesel fuel composition as claimed in claim 243, wherein one of the other diesel 
fuels is US 2-D grade diesel fuel 

29. A diesel fuel composition as claimed in claim 23, wherein one of the other diesel 
fuels is CARB grade diesel fuel, 

30. A diesel fuel composition as claimed in claim 24, wherein one of the other diesel 
fuels is CARB grade diesel fuel 

31. A process for producing a readily biodegradable synthetic middle distillate, the 
process including: 

(a) separating the products obtained from synthesis gas via the FT synthesis 
reaction into one or more heavier fraction and one or more lighter fraction; 

(b) catalytically processing the one or more heavier fraction under conditions 
which yield mainly middle distillates; 

(c) separating the middle distillate product of step (b) from the hghter 
product and heavier product that are also produced in step (b); and 
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(d) blending the middle distillate fraction obtained in step (c) with at least a 
portion of the one or more lighter fraction of step (a), or products thereof. 

32. A process for producing a synthetic middle distillate as claimed in claim 31, 
wherein the catalytic processing of step (b) is a hydroprocessing step. 

33. A process for producing a synthetic middle distillate as claimed in claim 31, 
wherein the catalytic processing of step (b) is a hydrocracking step. 

34. A process for producing a synthetic middle distillate as claimed in claim 31 , 
including one or more additional step of fractionating at least some of the one or 
more lighter fraction of step (a), or products thereof, prior to step (d). 

35. A process for producing a synthetic middle distillate as claimed in claim 31, 
including the additional step of hydrotreating at least some of the one or more 
light fraction of step (a), or products thereof, prior to step (d). 

36. A process for producing a synthetic middle distillate as claimed in claim 33, 
including the additional step of hydrotreating at least some of the one or more 
light fraction of step (a), or products thereof, prior to step (d). 

37. A process for producing a synthetic middle distillate as claimed in claim 31^ 
wherein the one or more heavier fraction of step (a) boils above about 270''C. 

38. A process for producing a synthetic middle distillate as claimed in claim 37, 
wherein the one or more heavier fraction of step (a) boils above about 300°C. 

39. A process for producing a synthetic middle distillate as claimed in claim 31, 
wherein the one or more lighter fraction boils in the range C5 to the boiling point 
of the heavier fraction. 

40. A process for producing a synthetic middle distillate as claimed in claim 31, 
wherein the one or more lighter fraction boils in the range 160^C to 270°C. 

41. A process for producing a synthetic middle distillate as claimed in claim 31, 
wherein the product of step (d) boils in the range 100°C to 400°C. 

42. A process for producing a synthetic middle distillate as claimed in claim 31, 
wherein the product of step (d) boils in the range 160°C to 370°C. 

43. A process for producing a synthetic middle distillate as claimed in claim 31, 
wherein the product of step (d) is a diesel friel. 
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44. A process for producing a synthetic middle distillate as claimed in claim 36, 
wherein the product of step (d) is a diesel fiiel 

45. A process for producing a synthetic middle distillate as claimed in claim 31, 
wherein the product of step (d) is obtained by mixing the middle distillate fraction 
obtained in step (c) with at least a portion of the one or more hghter fraction of 
step (a), or products thereof, in a volume ratio selected to provide a diesel fuel 
having a required specification. 

46. A process for producing a synthetic middle distillate as claimed in claim 45, 
wherein the product of step (d) is obtained by mixing the middle distillate fraction 
obtained in step (c) with at least a portion of the one or more lighter fraction of 
step (a), or products thereof, in a volume ratio of between 1 : 1 and 9:1. 

47. A process for producing a synthetic middle distillate as claimed in claim 46, 
wherein the product of step (d) is obtained by mixing the middle distillate fraction 
obtained in step (c) with at least a portion of the one or more lighter fraction of 
step (a), or products thereof, in a volume ratio of between 2: 1 and 6:1. 

48. A process for producing a synthetic middle distillate as claimed in claim 47, 
wherein the product of step (d) is obtained by mixing the middle distillate fraction 
obtained in step (c) with at least a portion of the one or more lighter fraction of 
step (a), or products thereof, in a volume ratio of 84:16. 
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REMARKS 



A marked-up version of the amendments is enclosed for your reference. It is 
respectfully requested that the Examiner enter these amendments prior to examining the 
application on its merits. 



TransPotomac Plaza 
1033 N. Fairfax Street 
Suite 306 

Alexandria, VA 22314 
(703) 683-3600 



Respectfully submitted, 



SHANKS & HERBERT 





Reg. No. 34,348 
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COMBINED DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: .My residence, post office address and 
citizenship are as stated below, next to my name. 1 believe I am the original, first, and sole 
inventor (if only one name is listed below) or an original, first, and joint inventor (If plural 
names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled BIODEGRAD ABLE MIDD LE DISTILLATES AND 
PRODUCTION THEREOF the specification of which: 

is attached hereto. 

X was filed on March 21 , 2001 



as United States Application Number 09/787,641 

or POT International Application Number 

and was amended on 



(if applicable) 

I hereby state that 1 have reviewed and understand the contents of the above-identified 
specification, including the claim(s), as amended by any amendment referred to above. I do 
not know and do not believe that the claimed invention was ever known or used in the United 
States of America before my invention thereof, or patented or described in any printed 
publication in any country before my invention thereof or more than one year prior to this 
application, that the same was not in public use or on sale in the United States of America 
more than one year prior to this application, and that the invention has not been patented or 
made the subject of an inventor's certificate issued before the date of this application in any 
country foreign to the United States of America on an application filed by me or my legal 
representatives or assigns more than twelve months (for a utility patent application) or six 
months (for a design patent application) prior to this application. 

1 acknowledge the duty to disclose all information known to me to be material to patentability 
as defined in Title 37, Code of Federal Regulations, Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1 19(a)-(d), 
of any foreign application(s) for patent or inventor's certificate listed below and have also 
identified below any foreign application for patent or inventor's certificate having a filing date 
before that of the application on which priority is claimed: 

Priority 

Prior Foreign Application(s) Claimed 

ZA 98 9037 South Africa 5 October 1998 X 



(Number) (Country) (Day/MonthA^ear Filed) Yes No 

PCT/ZA99/00094 PCT 17 Septem ber 1999 X 



(Number) (Country) (Day/Month/Year Filed) Yes No 



(Number) (Country) (Day/Month/Year Filed) Yes No 

I hereby claim the benefit under Title 35, United States Code, Section 1 19(e) of any United 
States provisional application(s) listed below 



(Application Number) Filing Date 



I hereby claim the benefit under Title 35, United States Code, Section 120 of any United 
States application(s) listed below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States application in the manner provided 
by the first paragraph of Title 35, United States Code, Section 1 12, I acknowledge the duty to 
disclose all information known to me to be material to patentability as defined in Title 37, 
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Code of Federal Regulations, Section 1 .56 which became available between the filing date of 
the prior application and the national or PCX international filing date of this application: 



(Application Number) 


Filing Date 


(Status - 


patented, pending, abandoned) 


(Application Number) 


Filing Date 


(Status - 


patented, pending, abandoned) 


(Application Number) 


Filing Date 


(Status " 


patented, pending, abandoned) 



I hereby appoint Mark R. Shanks Registration No.,.3ajai , Toni-Junell Herbert, Registration 
No. 34.348, Joseph G. Contrera, Registration No,4ifi28. David W. Woodward, Registration 
No, 35^029, Keith D. Hutchinson, Registration No^JtiSST, Shelly Guest Cermak, Registration 
No. 39,571, Suzannah Sundby, Registration No . 43,172 . and David Steffes. Registration No. 
jiOQ^S'SHANKS & HERBERT, telephone (703) 683-3600, with a mailing address at: 



Tran sPotomac Plaza 
1033 N. Fairfax St., Suite 306 
_AIe)^driaa^A_2^^ 

with full power of substitution and revocation, to prosecute this application and to transact all 
business in the Patent and Trademark Office connected herewith. 

The undersigned hereby authorizes the U.S. Attorneys named herein to accept and follow 
instructions from undersigned's assignee, if any, and/or, If the undersigned is not a resident of 
the United States, the undersigned's domestic attorney, patent attorney or patent agent, as to 
any action to be taken in the Patent and Trademark Office regarding this application without 
direct communication between the U.S. attorneys and the undersigned. In the event of a 
change in the person(s) fi-om whom instructions may be taken, the U.S. attomeys named 
herein will be so notified by the undersigned. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that wilHui false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application of any patent issued thereon. 

Full Name of Sole/First invento r: Rob_ert DeHaan 

Inventor's Signature: Date: 

Residence: Sasolburg, South Africa Citizenship: South Africa 

(City, State) (Country) 

Post Office Address: 25 Felixstowe Street. Sasolburg 9570. South Africa 

Full Name of Second/Joint Inventor: Luis Pablo Dancuart , — 

Inventor's Signature: Date: _ 

Residence: Sasolburg. South Africa Citizenship: South Africa 

(City, State) (Country) 
Post Office Address: 20 Lombard Street. Vaalpark. Sasolburg 9570. South Africa 



2 



COMBINED DECLARATION AND POWER OF ATTORNEY FOR PATEN T APPLICATION 

As a below named inventor, I hereby declare that: .My residence, post office address and 
citizenship are as stated below, next to my name. 1 believe I am the original, first, and sole 
inventor (if only one name is listed below) or an original, first, and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled BIODEGRADABLE MIDDLE D ISTILLATES AND 
PRODUCTION THEREOF the specification of which: 

is attached hereto. 

"X^ was filed on March 21, 2001 . ■ ; 

as United States Application Number 09/787,641 

or PCT International Application Number ___ 

and was amended on 



(if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claim(s), as amended by any amendment referred to above. I do 
not know and do not believe that the claimed invention was ever known or used in the United 
States of America before my invention thereof, or patented or described in any printed 
publication in any country before my invention thereof or more than one year pnor to this 
application, that the same was not in public use or on sale in the United States of Amenca 
more than one year prior to this application, and that the invention has not been patented or 
made the subject of an inventor's certificate issued before the date of this application in any 
country foreign to the United States of America on an application filed by me or my legal 
representatives or assigns more than twelve months (for a utility patent application) or six 
months (for a design patent application) prior to this application. 

I acknowledge the duty to disclose all information known to me to be material to patentability 
as defined in Title 37, Code of Federal Regulations, Section 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1 19(a)-(d), 
of any foreign application(s) for patent or inventor's certificate listed below and have also 
identified below any foreign application for patent or inventor's certificate having a filing date 
before that of the application on which priority is claimed: 

Pnority 

Prior Foreign Application(s) Claimed 
ZA 98 9037 South Africa 5 October 1998 _X 



(Number) (Country) (Day/Month/Year Filed) Yes No 

PCT/ZA99/00094 PCT 17 September 1999 



(Number) (Country) (Day/MonthA'ear Filed) Yes No 



(Number) (Country) (Day/MonthA'ear Filed) Yes No 

I hereby claim the benefit under Title 35, United States Code, Section 1 19(e) of any United 
States provisional application(s) listed below 



(Application Number) Filing Date 



I hereby claim the benefit under Title 35, United States Code, Section 1 20 of any United 
States application(s) listed below and. Insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States application in the manner provided 
by the first paragraph of Title 35. United States Code, Section 1 12, 1 acknowledge he duty to 
disclose all information known to me to be material to patentability as defined in Title 37, 
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Full Name of Third Inventor: Mark Jan Prins 



Inventor's Signature: ^^-"^"^""^ '^st®- 



Residence: Sasolburg. South Africa Citizenship: South Africa 



(City, State) (Country) 

Post Office Address: 61 Waterson Street, Sasolburg 9570. South Africa 

Full Name of Fourth Inventor: Ewald Watermever DeWet 



Inupntnr'.q .Signature: SAdAiO^^^i/^ ^ Date: rOXlj QOO) 

Residence: Vanderbiilparlc. South Africa Citizenship: South Africa 



(City, State) (Country) 
Post Office Address: 24 Beethoven Street, Vanderbiilparl< 19 11. South Africa 
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Code of Federal Regulations, Section 1 .56 which became available between the filing date of 
the prior application and the national or PCT international filing date of this application: 



(Application Number) 


Filing Date 


(Status - 


patented, pending, abandoned) 


(Application Number) 


Filing Date 


(Status - 


patented, pending, abandoned) 


(Application Number) 


Filing Date 


(Status - 


patented, pending, abandoned) 



Mo. 
^No/ 



hereby appoint Mark R. Shanks Registration No . 33,781 , Toni-Junell Herbert, Registration 
D. 34,348, Joseph G. Contrera, Registration Ho. 44^628, David W. Woodward, Registration 
CZS^O^KeWh D. Hutchinson, Registration No. 43,687, Shelly Guest Cermak, Registration 
No^^a^Il, Suzannah Sundby, Registration No. 43/17Z^nd David Steffes, Registration No. 
J6,Q42_of SHANKS & HERBERT, telephone (703T6833oO, with a mailing address at: 

TransPotomac Plaza 



J 1033 N. Fairfax St., Suite 306 
^^j^le xandria, VA 223 14^^^^^ 

with full power of substitution and revocation, to prosecute this application and to transact all 
business in the Patent and Trademark Office connected herewith. 

The undersigned hereby authorizes the U.S. Attorneys named herein to accept and follow 
instructions from undersigned's assignee, if any, and/or, If the undersigned is not a resident of 
the United States, the undersigned's domestic attorney, patent attorney or patent agent, as to 
any action to be taken in the Patent and Trademark Office regarding this application without 
direct communication between the U.S. attorneys and the undersigned. In the event of a 
change In the person(s) from whom instructions may be taken, the U.S. attorneys named 
herein will be so notified by the undersigned. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application of any patent issued thereon. 

Full Name of Sole/First Inventor: Robert DeHaan , 



Inventor's Signature: ^c^^sjc Vi<^C?v^ Date: QOdJ^^ ^ O^QQ? 



Residence: Sasj^lbumrSouth Africa Citizenship; South Africa 

(City, State) (Country) 

Post Office Address: 25 Felixstowe Street. Sasolburg 9570. South Africa 

Full Name of Second/Joint Inventor: Luis Pablo Dancuart ^ 
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Inventor's Signature: m^/LT Date: 

Residence: Sasolbuco^SQuth Africa Citizenship: South Africa \ Jf^ 

(City, State) (Country) ^ 
Post Office Address: 20 Lombard Street. Vaalpark. Sasolburg 9570. South Africa 
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Full Name of Third Inventor N^arj^ Jan Prina 
Inventor's Signature: 




Date: 23/^/2^0/ 



Residence: Sasolburg. South Africa ' Citizenship: South Africa 



(City, State) (Country) 
Post Office Address: 61 Waterson Street Sasolburg 9570. South Africa 
Full Name of Fourth Inventor: Ewatd Watermeyer DeWet 



Inventor's Signature: Date: 



Residence: Vanderbijlpark. South Afiica Citizenship: South Africa 



(City, State) (Country) 
Post Office Address: 24 Beethoven Street, Vanderbijlpark 1911, South Africa 
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